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Ireland's Junior Certificate mathematics examination through the lens of the PISA and TIMSS frameworks: Has Project Maths made any difference?
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It has been argued that the PISA assessment has had a disproportionate impact on Project Maths, the new mathematics curriculum recently implemented in post-primary schools in Ireland, which seeks to emphasise deep conceptual understanding and problem solving in real-life contexts. This paper describes an analysis of the content, cognitive processes and contexts underpinning Junior Certificate mathematics examination questions set for students in Grade 9 in 2003 and 2015, using the frameworks underpinning the PISA and TIMSS studies. Despite a significantly increased reading load for students, the Junior Certificate mathematics examination continues to emphasise lowerorder processes, at the expense of higher-level thinking, as defined by PISA and TIMSS, while there has been a small increase in the proportion of items presented in practical contexts. The need to examine the effects of Project Maths in classroom settings is highlighted.

Introduction

Since 2010, all students entering post-primary school (Grade 7) in Ireland have studied under Project Maths, an innovative mathematics curriculum introduced in an effort to increase the relevance of mathematics for students, and to improve teaching and learning. Since 2015, all aspects of Project Maths have been assessed in the Junior Certificate (JC) mathematics examination, a state examination taken by almost all students at the end of Grade 9 (Third Year). The purpose of this paper is to examine changes in how and what mathematics is assessed in the JC, and how these changes relate to the frameworks and approaches to assessment of mathematics underpinning the OECD Programme for International Student Assessment (PISA) (OECD, 2016), and the Trends in International Mathematics and Science Study (TIMSS) [START_REF] Grønmo | TIMSS 2015 Mathematics Framework[END_REF].

Ireland has participated in PISA since its inception in 2000. Although Ireland has been consistently among the highest-performing countries on reading literacy in PISA, performance on mathematical literacy has generally been at the OECD average, and, on one occasion (2009), significantly below it. Although average performance on mathematics in Ireland was above the OECD average for the first time in 2012, this reflected a decline in the OECD average rather than an increase in the performance of students in Ireland, compared with, for example, 2003 and 2006. 1 Students in Grade 8 in Ireland did not participate in TIMSS between 2003 and 2011, but did take part in the most recent cycle, in 2015.

Concerns about standards in mathematics have increased in recent years and outcomes in PISA are just one factor contributing to this. There have also been concerns about declining performance among entrants to university mathematics courses [START_REF] Gill | Trends in performance of science and technology students (1997-2008) in Ireland[END_REF].

In 2005, the National Council for Curriculum and Assessment began a process leading to the implementation of a revised mathematics curriculum for post-primary schools. This involved the commissioning of a research paper looking at international trends in mathematics education (see [START_REF] Conway | International trends in post-primary mathematics education: Perspectives on learning, teaching and assessment[END_REF], and a consultation process involving interested parties (NCCA, 2005). Following two years of development work, the Project Maths curriculum was introduced into 24 pilot schools in 2008, and implementation began in all post-primary schools in 2010, with a phased introduction that was completed by 2015. The aims of Project Maths at Junior Cycle level (Grades 7-9) include developing mathematical knowledge, skills and understanding needed for continuing education, for life and for work; fostering a positive attitude to mathematics; and developing the skills of dealing with mathematical concepts in context and in applications, and in problem solving (DES, 2013). There are five inter-related strands in the curriculum: Statistics and Probability; Geometry and Trigonometry; Number; Algebra; and Functions. Learning outcomes are identified for students intending to take the JC mathematics examination at Higher and Ordinary levels, with no separate course for Foundation level.

Project Maths has received a mixed reception. The Irish Mathematics Teachers Association (IMTA) (2012) noted that insufficient detail was provided on aspects of course content, giving rise to uncertainty as to whether certain topics were included or not. Drawing on a survey of teachers in Project Maths pilot and non-pilot schools conducted as part of PISA 2012 in Ireland, [START_REF] Cosgrove | Teaching and learning in Project Maths: Insights from teachers who participated in PISA 2012[END_REF] reported more frequent use of ICT in pilot schools, and more positive changes in learning and assessment, though teachers in pilot schools were less confident in their teaching. Concerns about readability were raised in the same study, with teachers in pilot schools arguing that the problems presented to students in classroom and assessment contexts contained more text and greater linguistic complexity than was the case prior to Project Maths, when teaching and learning mathematics were more formal and less contextualised. Similar concerns have been raised about the effects of readability on performance in the PISA mathematics assessment as a result of the complexity of contexts that are presented to students [START_REF] Eivers | PISA: Issues in implementation and interpretation[END_REF].

A small number of studies have looked at the initial effects of Project Maths on students' performance. A study by the National Foundation for Educational Research in the UK [START_REF] Jeffes | Research into the impact of Project Maths on student achievement, learning and motivation: Final report[END_REF] found no achievement differences between students in schools implementing Project Maths for longer or shorter time periods, or between those that had implemented more, compared with fewer, content areas. Although students in pilot schools in the PISA 2012 sample in Ireland achieved higher mean scores on each PISA mathematics content area, and on overall performance, differences were not statistically significant [START_REF] Merriman | Project Maths and PISA 2012: Performance in initial Project Maths schools and in non-Initial schools on PISA 2012 mathematics and problem solving, and on Junior Certificate mathematics[END_REF]. Worryingly, students in pilot schools had significantly higher levels of anxiety about mathematics than their counterparts in non-pilot schools.

The lack of evidence for a significant change in mathematics performance since the implementation of Project Maths, as well as claims that PISA has had a disproportionate impact on the Project Maths curriculum (e.g., [START_REF] Kirwan | Mathematics curriculum in Ireland: The influence of PISA on the development of Project Maths[END_REF][START_REF] Grannell | Interim report on Project Maths[END_REF] points to the need for a critical look at changes to the JC mathematics examination. This paper looks at whether the contexts, content and processes underpinning the examination differed in 2003 and 2015 (when analysed through the lens of PISA and TIMSS) and whether examination papers have become more or less readable between the same two time points. The research questions addressed are as follows: Junior Certificate mathematics is examined at three levels: Higher Level (HL), Ordinary Level (OL) and Foundation Level (FL). There are two papers each for HL and OL and one for FL. Consequently, the study included ten papers in total (five for each year). The aim was to classify the questions in each examination paper in terms of the main components of the TIMSS 2015 Grade 8 mathematics framework [START_REF] Grønmo | TIMSS 2015 Mathematics Framework[END_REF] and the PISA 2003 and 2015 frameworks (OECD, 2003;[START_REF]The PISA 2003 Assessment Framework: Mathematics, Reading, Science and Problem Solving Knowledge and Skills[END_REF]. The relevant characteristics of these frameworks are outlined below. The PISA framework was chosen as it reflects recent trends internationally towards realistic mathematics and problem-based learning in rich contexts. The TIMSS framework was also used in this study as it reflects a more traditional, curriculum-based approach, with a focus on the mathematical concepts, skills and applications seen as necessary for further study of mathematics and for life. Using both frameworks allowed the analysis to capture more fully any changes in the JC examination between the selected time points. The Reproduction cluster in PISA can be summarised as the 'reproduction of practised knowledge' (OECD, 2003), which covers the category of Knowing in TIMSS but also some of Applying. The Reflection cluster involves 'advanced' reasoning, abstraction and generalisation in novel contexts, which often requires a higher cognitive demand than some Reasoning items in TIMSS.

Within each JC paper, each part of a question (a i), ii), etc.) was treated as a separate item. Each item was classified by two of the authors (RC and SC) according to the dimensions outlined above.

Classifications were carried out independently and all disagreements were recorded and discussed until a consensus was reached. Very few disagreements arose in relation to the content or context of the items. By comparison, more disagreements occurred where judgements were made about the processes involved in answering the items i.e. in identifying TIMSS Cognitive Domains and PISA Competency Clusters. This is not surprising, as determining the primary process required to answer a test item is, by nature, a more subjective exercise. Initial agreement rates for cognitive processes per examination ranged from 74 percent (TIMSS classifications for FL 2015) to 97 percent (PISA classifications for FL 2003). Most examinations had an agreement level above 80 per cent.

Reading load and readability analysis

An analysis of the reading load and readability of JC mathematics examination papers administered in 2003 and 2015 was also conducted. Reading load here refers only to the number of words to be read, while measures of readability aim to assess the overall difficulty of the text. Data were generated for word count, number of sentences, average number of words per sentence, and average number of complex words (words with three or more syllables). An overall measure of readability for each paper was obtained by taking the average results (in Grade level units) of eight readability measures including the Flesch-Kincaid Grade Level. Prior to applying these formulae, title information, general instructions and item numbers were removed. In addition, diagrams were deleted (though labels and numbers were retained), and functions were replaced with a placeholder, as readability formulae are not designed to assess the complexity of these elements.

Results

Classification of items by content, cognitive process and context 3

The data in Table 1 show that, between 2003 and 2015, there was an increase in the number of JC examination items in Data and Chance (+10 percentage points), as defined by TIMSS, with a corresponding increase in Uncertainty and Data (+9 percentage points), as defined by PISA. The change in these content domains can be ascribed to the increased emphasis on Statistics and Probability in the revised curriculum. These increases were more or less counter-balanced by decreases in Number (-5 percentage points) and Geometry (-4 percentage points) on the TIMSS content dimension and in Quantity (-8 percentage points) in PISA. Part of the intention of Project Maths reform was to place more emphasis on using mathematics to solve problems set in practical realistic contexts. Table 4 shows that, at JC HL, the number of words students were expected to read on Paper 1 increased from 765 in 2003 to 1335 in 2015 (a 75% increase). At OL, the word count increased from 662 to 1240 (an 87% increase), and at FL, the increase was from 530 to 1027 words (a 94% increase). However, the average difficulty of the text that students were expected to read remained about the same at HL (Grade 4) and OL (Grade 2). There was an increase at FL (from Grade 0 to Grade 2). The average number of words per sentence remained more or less the same (and even decreased by 3 on HL Paper 1 in 2015), while the proportions of complex words also remained about the same. 

TIMSS

Conclusion

The impetus for the Project Maths curricular reform arose, in part, from Ireland's performance in PISA mathematics (NCCA, 2012). However, the current analysis does not indicate that the assessment of JC mathematics has been unduly influenced by the PISA approach. The distribution of items by content area on the JC examination in 2015 was similar to its predecessor in 2003, when viewed through the lens of TIMSS and PISA, though more Data and Chance items were included in 2015. This is in line with the increased emphasis on Statistics and Probability in the new JC curriculum. While there were proportionally more Reasoning items (as defined by TIMSS) in the JC examination in 2015 than 2013, there were no Reflection items (as defined by PISA) in 2003 and only 2 in 2015. However, there was an increase in the proportion of PISA Connections items in the JC examination, and a reduction in the proportion of Reproduction items. One objective of Project Maths is to place more emphasis on higher-order cognitive processes, such as problem solving and reasoning in the mathematics curriculum and examinations. The analysis above suggests some movement in this direction in JC state examinations, but not to the extent that might be expected from such a comprehensive reform. The analysis also indicates that the 2015 JC examination is more similar to TIMSS than to PISA in terms of content and processes. This is reinforced by the finding that the proportions of items described as being presented in practical (rather than purely mathematical) contexts were similar in the JC 2003 and 2015 exams, despite large increases in the amount of text that students had to read. Remarkably, however, the readability (overall difficulty) of the text in the JC examinations was broadly similar in 2003 and 2015. A study by [START_REF] King | Readability analysis of PISA 2012 mathematics, science and reading assessments[END_REF] found that readability levels for clusters of PISA 2012 items ranged from US grade levels 7.5 to 10.9 (UK reading ages 12.3 to 15.5 years). Hence, the linguistic complexity of PISA items is greater than that required for JC mathematics. The analysis here focuses only on state examinations of JC mathematics, and not on the implementation of Project Maths in the classroom. Given that Project Maths has now been fully rolled out, it would seem timely for an exploration of the extent to which teaching and learning has changed.

  mathematical content, cognitive processes, and item contexts can be identified from a comparison of the pre-Project Maths 2003 Junior Certificate examination with the post-Project Maths 2015 examination with reference to the TIMSS and PISA mathematical frameworks and tests? (ii) What changes in readability can be identified from a comparison of the pre-Project Maths 2003 Junior Certificate examination with the post-Project Maths 2015 examination?Methodology Examination paper analysis -Context, content and processThis study focuses on the JC state examination papers in 2003 and 2015 as examples of papers before and after the introduction of the revised curriculum. The 2003 papers were chosen because a similar classification exercise was previously carried out on these papers by[START_REF] Close | Junior cycle mathematics examinations and the PISA mathematics framework[END_REF]. The 2015 papers were chosen as a comparison as they were the first to include all Project Maths content areas for all JC students.

  TIMSS mathematics has four content domains: Number, Algebra, Geometry and Data and Chance. There are three cognitive domains: Knowing, Applying and Reasoning. The PISA mathematics framework has three dimensions: Context, Content and Competency 2 . PISA classifies each mathematics item in terms of its context -Personal, Occupational, Societal or Scientific. The PISA content categories are Change and Relationships, Space and Shape, Quantity, and Uncertainty and Data. The PISA 2003 framework also classifies items by groups of cognitive processes or 'Competency Clusters'. The three clusters are Reproduction, Connections, and Reflection.

Table 1 : Percentages of items in each TIMSS and PISA content domain, and percentages of total JC 2003 and 2015 items, by TIMSS and PISA content domains

 1 

		TIMSS	JC 2003	JC 2015	PISA	PISA	JC 2003	JC 2015
	Content	% Items	% Items	% Items	Content	% Items	% Items	% Items
	Domain		N = 187	N = 208	Domain		N = 187	N = 208
	Number	30 (30) 4	21	16	Quantity	25	27	19
	Algebra	30 (25)	24	27	Change & Relations	25	31	34
	Geometry	20 (30)	30	26	Space & Shape	25	25	24
	Data & Chance	20 (15)	11	21	Uncertainty	25	11	20
	Not covered 5		13	10	Not covered		6	3

Table 2 : Percentages of items in each TIMSS and PISA cognitive (process) domain, and percentages of total JC 2003 and 2015 items, by TIMSS and PISA cognitive domains

 2 Table2presents the results for the cognitive process dimensions. Relatively few of the JC examination items for either 2003 or 2015 fell into the TIMSS Reasoning category, although there was an increase between 2003 and 2015 (+6 percentage points). Only two items in 2015 (1%) were categorised as PISA Reflection, with none in 2003. However, the proportion of Connections items was higher in 2015 than in 2003 (+8 percentage points), with a corresponding decrease in Reproduction items. Despite this, most of the JC items for both years were classified as TIMSS Knowing and Applying and PISA Reproduction.

	TIMSS	TIMSS	JC 2003	JC 2015	PISA	PISA	JC 2003	JC 2015
	Cognitive	% Items	% Items	% Items	Cognitive	% Items	% Items	% Items
	Domain		N = 187	N = 208	Domain		N = 187	N = 208
	Knowing	35	35	45	Reproduction	25	88	79
	Applying	40	57	42	Connections	50	12	20
	Reasoning	25	7	13	Reflection	25	0	1

  Table3shows the results of classifying the items in the 2003 and 2015 JC exams into items with some sort of practical context and items which are purely mathematical or intra-mathematical. The results show that around half of the items in the 2015 examination papers had a practical context reflecting a small change since 2003 (up from 40%). These figures are similar to the TIMSS percentages for mathematical and practical contexts, whereas all PISA items are placed in a practical context. It is important to note that the practical contexts of TIMSS items and JC 2003 and 2015 exam items are generally minimal compared with the more substantial and often realistic contexts of PISA items.

	Context	TIMSS	PISA	JC 2003	JC 2015
	Category	approx.% Items	% Items	% Items, N = 187	% Items, N = 208
	Mathematical	50	0	60	49
	Practical	50	100	40	51

Table 3 : Comparison of TIMSS and PISA test items and JC exam item percentages by context category Reading Load and Readability 6

 3 

Table 4 : Readability measures for JC examination papers in 2003 and 2015

 4 

	Examination Paper	No. of	No. of	No. of	Avg. no.	No. of	Flesch-	Average
		Item	words	sent-	words	complex	Kincaid	read-
		Parts		ences	per	words	grade	ability
					sentence	(Percent)	level	grade
	2003 HL Paper 1	32	765	58	13	61 (8)	5.0	4
	2015 HL Paper 1	45	1335	135	10	123 (9)	4.1	4
	2003 OL Paper 1	40	662	76	8	35 (5)	2.6	2
	2015 OL Paper 1	41	1240	181	7	64 (5)	2.2	2
	2003 FL	32	530	73	7	23 (4)	1.6	0
	2015 FL	43	1027	140	7	57 (6)	2.3	2

It should be noted that over three-quarters of students in PISA

in Ireland had not studied under Project Maths, with students in Grades 9 and 10 studying the preceding curriculum, except those in a small number of Project Maths pilot schools.Thematic Working Group 21Proceedings of CERME10

Proceedings of CERME10

For the purposes of this study, the 2015 framework was used to classify items by Content and Context. However, the 2003 Competency Clusters were used as they are more suited to the JC examinations and are more consistent with the TIMSS Cognitive Domains. In addition, the 2003 Competencies were used in[START_REF] Close | Junior cycle mathematics examinations and the PISA mathematics framework[END_REF].Thematic Working Group 21Proceedings of CERME10

For brevity, the results of the item categorisation are collapsed across HL, OL and FL for each year.Thematic Working Group 21Proceedings of CERME10

TIMSS 2003 Content Domain weightings in parentheses.

Some JC topics are not included in the TIMSS and/or PISA frameworks e.g. sets, trigonometry and proofs of geometric theorems.Thematic Working Group 21Proceedings of CERME10

Again, for brevity, results for this section are reported for Paper 1 only for HL and OL. There is only one paper for FL for each year.Thematic Working Group 21Proceedings of CERME10